The fourth transmembrane domain of the Helicobacter pylori Na+/H+ antiporter NhaA faces a water-filled channel required for ion transport.
Cysteine-scanning mutagenesis was performed from Ser-130 to Leu-160 in the fourth transmembrane domain (TM4) of the Na+/H+ antiporter NhaA from Helicobacter pylori to determine the topology of each residue and to identify functionally important residues. All of the mutants were based on cysteine-less NhaA (Cys-less NhaA), which functions very similarly to the wild-type protein, and were expressed at a level similar to Cys-less NhaA. Discontinuity of [14C]N-ethylmaleimide (NEM)-reactive residues suggested that TM4 comprises residues Gly-135 to Val-156. Even within TM4, NEM reactivity was high for I136C, D141C to A143C, L146C, M150C, and G153C to R155C. These residues are thought to be located on one side of the -helical structure of TM4 and to face a putative water-filled channel. Pretreatment of intact cells with membrane-impermeable maleimide did not inhibit [14C]NEM binding to the NEM-reactive residues within TM4, suggesting that the putative channel opens toward the cytoplasm. NEM reactivity of the A143C mutant was significantly inhibited by Li+. The T140C and D141C mutants showed lower affinity for Na+ and Li+ as transport substrates, but their maximal antiporter velocities (Vmax) were relatively unaffected. Whereas the I142C and F144C mutants completely lost their Li+/H+ antiporter activity, I142C had a lower Vmax for the Na+/H+ antiporter. F144C exhibited a markedly lower Vmax and a partially reduced affinity for Na+. These results suggest that Thr-140, Asp-141, and Phe-144 are located in the end portion of a putative water-filled channel and may provide the binding site for Na+, Li+, and/or H+. Furthermore, residues Ile-142 to Phe-144 may be important for the conformational change that accompanies ion transport in NhaA.